Web annotation is a Web 2.0 technology that allows learners to work collaboratively on web pages or electronic documents. This study explored the use of Web annotation as an online discussion tool by comparing it to a traditional threaded discussion forum. Ten graduate students participated in the study. Participants had access to both a Web annotation tool and a threaded forum when having discussion on a given topic and were free to use either tool or both to post their comments. A case study method was adopted. The analysis of participant posts and participant survey responses showed that both the threaded forum and the Web annotation tool successfully supported interactions and knowledge construction during the online discussion. The Web annotation tool had advantages in locating specific information on the websites and making content-specific discussions, and the discussion forum was more suitable for posting summarized comments. While participants were more likely to offer alternative or complementary views in the discussion forum, self-reflection was the major type of knowledge construction behavior when participants used the Web annotation tool.
Introduction
Web annotation is a Web 2.0 technology that allows learners to insert notes to web pages or electronic documents. Compared to the traditional paper-based annotations, Web annotation has two key advantages: (a) learners can access annotations from any computer and (b) learners can share the annotations with others who have access to the same materials (Glover, Xu, & Hardaker, 2007) . The collaborative nature of Web annotation makes it a platform for sharing information and promoting interactions among group members. Thus, Web annotation has been increasingly used for collaborative learning in classrooms.
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explore the potential of using Web annotation as a collaborative tool to promote learners' performance in various educational settings (Hwang, Wang, & Sharples, 2007; Johnson, Archibald, & Tenenbaum, 2010; Lin & Tsai, 2011; Mendenhall & Johnson, 2010; Nokelainen, Miettinen, Kurhila, Floréen, & Tirri, 2005; Su, Yang, Hwang, & Zhang, 2010; Wang, 2010; Wolfe, 2008; Yang, Chen, & Shao, 2004; Yang, Zhang, Su, & Tsai, 2011; Yeh & Lo, 2009) . Little research, however, has compared the effectiveness of Web annotation in promoting collaborative learning with that of other collaborative tools. Instead of measuring the impact of Web annotation-based activities on learners' performance, the purpose of this study is to explore the use of Web annotation as an online collaborative reading and discussion environment. This study examines students' perceived attitudes towards their use of a Web annotation tool and a threaded discussion forum and offers insights on using Web annotation as a collaborative discussion tool.
This paper is structured as follows: a literature review section that provides a theoretical background; a method section that describes the setting and the methodology; a results section that presents the findings; a discussion section on the results; a section for pedagogical implications for practice; a section for limitations and future study; and a conclusion section that presents the significance of the study.
Literature Review

Theoretical Framework: Social Constructivism
Social constructivists believe that intelligence development is "a dialogic process involving persons-in-conversation, and learning is seen as the process by which individuals are introduced to a culture by more skilled members" (Driver, Asoko, Leach, Mortimer, & Scott, 1994, p. 7) . From social constructivists' perspectives, less skilled members in a community are able to construct knowledge with the scaffolding from more skilled members and internalize it when socially engaged (Driver et al., 1994) .
With the development of technologies, the uses of digital learning environments are increasing rapidly. Social constructivism has been adopted by many researchers to ensure the best practice of online learning (Huang, 2002; Merriam, Caffarella, & Baumgartner, 2007) and to design digital learning environments (Cornelius, Gordon, & Ackland, 2011; Neo & Neo, 2009 ). Compared to traditional learning environments, the adoption of social constructivism in online learning has many challenges, one of which is the isolation of learners (Huang, 2002; Merriam et al., 2007) . In online learning environments, learners are geographically isolated, which makes it hard to support social interactions among them. Thus, a number of studies have focused on the successful adoption of social constructivism in online learning. In Huang's (2002) study, she proposed to enhance social interactions among learners and improve learners' achievements in online environments by fostering interactive learning, collaborative learning, and authentic learning. Bryceson's (2007) study examined five college-level Internet delivered courses between 2001 and 2005 by looking at 340 students' evaluations. The result indicated that students from different programs all perceived that socialization components in course management system were important to support a good online learning experience.
Similar to other collaborative digital learning activities, the interaction among learners is an essential part of the learning process during online discussions. Social constructivism, therefore, was adopted as the theoretical framework for this particular study because of the collaborative and interactive nature of the activities supported by Web annotation tools and threaded forums.
With the social constructivist framework, we attempt to understand (1) how social interaction among learners is supported with different online discussion environments; (2) the nature of such interaction; and (3) how students perceive their learning in different discussion environments.
From Annotation to Web Annotation
Making annotations by marking or highlighting important information on a paper-based document and/or adding information to it is a commonly used learning technique (Glover et al., 2007) . By examining more than 150 used academic textbooks of college students, Marshall (1997 Marshall ( , 1998 found that college students used various forms of annotation to assist their learning, ranging from highlighting key words to adding relational notes on the margins. The self-reported survey results from Ovsiannikov, Arbib, and McNeill's (1999) study showed that highlighting key parts of materials for later review and writing on the margins to record thoughts were top two forms of annotation used by college students when reading academic-related materials. In the survey, students reported that their four primary uses of annotation were to remember, to think, to clarify, and to share.
Although annotation is a common learning technique, its effectiveness in assisting learning is unproven by the existing research. Little evidence indicated that using highlighting and underlining alone promoted students' performance. Dunlosky and his colleagues (2013) evaluated the effectiveness of ten major forms of learning technique. In their report, highlighting and underlining were rated as technique of low utility. According to their review of previous empirical studies, little evidence showed highlighting and underlining had a positive effect on promoting students' performance. The effectiveness of writing notes on the margins, however, has not been thoroughly studied in previous research.
The growth in the use of Web-based learning materials challenges the use of traditional paperbased annotations. To meet the needs of learners who use Web-based learning materials, new tools that allow learners to take annotations online have emerged. While Web annotation tools allow learners to highlight, underline and add notes to Web-based materials, they also allow learners to share their annotation online with others and receive feedback. Compared to paperbased annotations, Web annotation tools provide new possible ways of learning collaboratively on Web-based materials. While the literature shows no evidence that paper-based annotations have positive effects on learning (Dunlosky et al., 2013) , researchers are exploring whether the collaborative feature of Web annotation tools helps to promote teaching and learning.
Teaching and Learning with Web Annotation Tools
Researchers have examined the educational use of Web annotation tools to determine their values in promoting teaching and learning. Evidence shows that Web annotation tools can enhance collaborative learning in various learning settings. Hwang, Wang, and Sharples (2007) , for example, examined the effects of collaborative annotating Web documents on college student learning in four different learning scenarios. In the study, participants were divided into an experimental group and a control group. The experimental group went through four learning scenarios using a Web annotation tool, which included (a) the individual annotation scenario, (b) the group annotation sharing scenario, (c) the full class annotation sharing scenario, (d) and the full class sharing scenario for final exam, while the control group had three individual reading scenarios and one individual reading scenario for final exam without the Web annotation tool. The result from independent t-test indicated that students who used a Web annotation tool had better performances than those who did not in most learning scenarios except for the final exam scenarios. In the final exam scenarios, there was no significant difference between the experiment group and control group because of "the ceiling effect due to the high motivation to study for final exams" (Hwang et al., 2007, p. 697) . The conclusion was supported by Su, Yang, Hwang, and Zhang's (2010) study, in which researchers conducted a quasi-experiment to examine students' performance in five collaborative learning scenarios when a Web annotation tool was used in a college-level introductory course on computer science. The experimental group used a Web annotation tool to have three regular group sharing learning scenarios and two group sharing learning scenarios for exams. The control group had three regular individual reading learning scenarios and two individual reading scenarios for exams without any Web annotation tool. Similarly, the learning achievements of the experimental group were significantly higher than the control group in the learning scenarios other than the exam scenarios and the first scenario. The authors suggested that the lack of significant difference between the two groups in the first scenario was because of students' unfamiliarity with the Web annotation tool.
Studies on Web annotation's effectiveness have also been conducted in different subject areas. Lin and Tsai (2011) examined the effectiveness of social bookmarking in supporting mutual exchange of information in collective information searching. Yeh and Lo (2009) measured the effectiveness of the online annotation on error correction in English as a Foreign Language (EFL) writing using an online corrective feedback and error analysis system. The results of these studies all showed that Web annotation tools had a positive effect on students' performance.
In addition, the use of Web annotation has impacts on different types of learning outcomes. Johnson, Archibald, and Tenenbaum (2010) examined the potential of a social annotation tool, Social Annotation Model-Learning System (SAM-LS), in improving college students' reading comprehension, meta-cognition, and critical thinking. Two studies were conducted. The first study was designed to measure the effect of four different highlighting and annotation practices. Four groups of students who enrolled in a college level French course served as experimental groups and used SAM-LS in reading activities. Another group of students who enrolled in the same course served as control group and did the reading activities without SAM-LS. The results showed no significant difference on the three learning outcomes between the four SAM-LS groups and a control group. The author suggested that the possible reasons could be the lack of exposure time to SAM-LS intervention and the lack of time to learn how to use SAM-LS. The second study used a between-subjects methodology with different instructional methods. The results revealed that in experimental groups, students' achievements were better in reading comprehension and meta-cognitive dimension, but there was no significant difference in critical thinking. The lack of significant results in the first study suggested that educators should be careful with the design of Web annotation-based learning activities and should consider multiple factors to make sure that the learning outcomes would not be affected by external factors such as the unfamiliarity with the technology. The effectiveness of SAM-LS was also examined by Mendenhall and Johnson (2010) , who tried to determine whether there was a change in reading comprehension, critical thinking and meta-cognition skills with the use of different instructional strategies in SAM-LS. The results showed that there was no significant difference in reading comprehension, critical thinking or meta-cognition skills between the experimental groups with different instructional strategies and a control group. However, the change in critical thinking was greater than the changes in reading comprehension and meta-cognition skills. The results of these studies indicated that Web annotation tools had different impacts on different types of learning outcomes.
Web Annotation as a Collaborative Discussion Tool
Research suggests that Web annotation shared by learners can stimulate discussions on learning materials (Glover et al, 2007; Kappe & Maurer, 1994; Koivunen & Swick, 2001 ). The collaborative nature of Web annotation makes it a promising tool to support discussions over online readings. It allows users to comment on each other's annotation posts and all the annotation posts are linked back to specific places on webpages. However, most research on collaborative Web annotation explored its potential to improve students' learning. Few studies have investigated the educational potential of using Web annotation to foster online discussion. As a commonly used instructional activity, online discussions support a social constructivist model of learning, and allow learners to negotiate and construct meaning collaboratively in a dialogic process (Jonassen, 1990; Kanuka & Anderson, 1998) . As Web annotation allows to-the-point discussions, it might support particular types of interaction that are lacking in discussions afforded by traditional threaded discussion forums. In this paper, therefore, Web annotation was used as a collaborative discussion tool in combination with a discussion forum to support an online discussion. How participants used the two environments and the nature of discussion in both environments was examined.
Method
Diigo (www.diigo.com), a Web 2.0 social annotation tool, was used in this study. After creating a free Diigo account and installing a toolbar, users can make Web annotation by highlighting and adding floating sticky notes on a web page ( Figure 1 ). All the web annotations can be shared within a group of users. In the study, the following research questions were addressed: When participants used Web annotation and a threaded discussion forum for an online discussion,
1. How did they make decisions on which environment to use? 2. How did they perceive their discussion experience in each environment? 3. What was the nature of discussions in each environment? 4. How did participants interact differently when constructing knowledge collaboratively?
Figure 1. Diigo Floating Sticky Notes on a Webpage
A case study was conducted to investigate students' experience and participation when having discussions via a Web annotation tool and a discussion forum. More specifically, content analysis was used to analyze the nature of discussions in the two online discussion environments. In addition, a survey was administered to investigate students' perceptions on their learning experience.
Participants
Participants in this study were ten graduate students majoring in instructional technology who enrolled in a doctoral course on technology and cognition. There were seven females and three males, and the age range was 25 to 55. Six of the participants were native English speakers while the other four spoke English as their second language. Six of them identified themselves as intermediate technology users and four of them as experts.
Procedures
A week before the study, the participants went through a tutorial on how to use Diigo and practiced creating sticky notes in class. During the study, the participants explored the official sites of the U.S. government (http://www.usa.gov/) and the Chinese government (http://www.gov.cn/english/) and then had discussions related to cultural differences using the following prompts:
1. Please locate at least one element in http://www.usa.gov/ that you think best presents the value of American culture and explain your reasons.
2. Please locate at least one element in http://www.gov.cn/english/ that you think best presents the value of Chinese culture and explain your reasons.
3. Based on the materials, discussions on Q1 & 2, and your own experience, please list three major cultural differences between China and the U.S. and explain them.
The discussion was off-class and lasted a week. In the discussion, the participants had access to both the Diigo sticky notes and a threaded discussion forum and were free to choose either tool or both to post their responses. Each participant was required to post at least one response to each discussion question and reply to others' posts at least once during the discussion. However, students' contributions to the discussion were not graded. A questionnaire was conducted at the end of the study asking participants' attitudes towards using different tools.
Measures
To examine the different nature of discussions in a Web annotation environment and a discussion forum, all the postings in Diigo sticky notes and the threaded discussion forum were coded to identify (1) focus and (2) types of knowledge construction processes.
Focus. To determine the focus, each posting was coded into one of these three categories: (1) general comment: comment not closely related to the specific information on the websites, but related to the topics in general; (2) page comment: comment closely related to a specific page on the websites; and (3) specific section comment: comment closely related to a specific section on a specific page of the websites.
Interaction and Knowledge Construction. To measure the interactions among learners in the two environments, we counted the numbers of initial posts and replies. Gao's (2013) coding scheme was adopted to identify knowledge construction processes taking place in both environments. This particular coding scheme was developed based on Pena-Shaff and Nicholls's (2004) coding scheme and Dillenbourg and Schneider's (1995) work on collaborative learning. The coding scheme was chosen because it captures the processes of knowledge construction and learning in such collaborative online discussion activities (Gao, 2013) . Six types of knowledge construction behaviors in the coding scheme are self-reflection, elaboration/clarification, alternative/complementary proposal, internalization/appropriation, conflict/disagreement and support (Table 1) . 
Conflict/ Disagreement
Learners show disagreement or conflicting opinions.
Support
Learner agrees with the text or other people's ideas without further explanation, establishes rapport, or shares feelings Participant Survey. In addition, the survey results were analyzed to explore students' perceptions on their learning experience in two different environments. The survey consisted of 15 questions (See Appendix A). The short answer questions in the first part asked participants about their general experience in the Web annotation environment, where they posted their responses, and why they made the choice of which environment to post in. The following eight items asked participants to rate and compare their experience in the two environments in terms of usability and engagement. A five-point Likert scale was used for the rating, where strongly disagree = 1 and strongly agree = 5. Participants were also asked to explain their ratings and share their suggestions on improving the learning experience in the Web annotation environment. Participants' responses to open-ended questions were reviewed and used as an additional data source to support and/or explain the themes identified from the analysis of participants' postings and Likert-scale questions
Results
Choice of Environments
In the study, the participants were provided with both a Web annotation tool (Diigo sticky notes) and a threaded discussion forum in the discussion activity and were able to use either tool or both to post their responses based on their needs or preferences. The analysis of postings showed that one participant had posted all responses using Diigo sticky and one participant had posted all responses in the threaded discussion forum. The rest eight participants chose to post responses to different questions in different environments (Table 2) . Based on participants' responses to the survey, the primary reason for choosing one environment over the other was the difference in their affordances. Four participants pointed out that while Diigo sticky notes were much easier to use when exploring and locating information on the websites, the threaded discussion forum worked better for reflecting on and summarizing ideas. Participant D stated, "If I find something useful and interesting on the webpage, I will use sticky notes. Discussion forum is a good place to reflect and summarize, while sticky notes are good for exploration."
The focus of questions also had an impact on participants' choice of environments, as some believed that one environment can better facilitate certain learning processes than the other. Participant G stated that "I used sticky notes to locate the sections related to question 1 while posted my discussions in discussion forum, because the discussion forum has more space for longer posts."
Participant B chose to post on the discussion forum only because he was more familiar with it. Diigo sticky notes were new to him, which made the discussion forum an easier choice: "I like sticky notes. But I think I would rather use the discussion forum because it is simple, visible and easy to do. People can see where to reply to it. The sticky note is hidden and sometimes we don't know how to reply to it."
In addition, Participant C said that he chose to post in both environments because he wanted to try the both options: "I don't know that I'll be able to speak for every situation, but I made the above decisions because I wanted to try each option."
In general, participants reported that the primary reason for them to decide where to post was the different functionality of the tools. The focus of discussion questions was another factor related to learners' choice. Some participants reported that the familiarity with the tools had an impact on their decisions.
Perceived discussion experience
Participants were asked to rate their learning experience in different discussion environments using a five-point Likert scale. The results showed that participants had different attitudes towards Diigo sticky notes and the threaded discussion forum in terms of usability and engagement.
Usability. As presented in Table 3 , students rated Diigo sticky notes higher than the discussion forum in terms of making it easier to pay attention to specific information in the web Also, compared to the discussion forum, students rated Diigo sticky notes higher for making it easier to connect a specific element in the Web to discussion. However, their ratings on the discussion forum were higher than Diigo sticky notes when it comes to how easy it is to exchange ideas or opinions with classmates and how easy it is to revise the understanding on the topics. It is worth noting that, though the comparison suggests tendencies of participant ratings, due to the small number of participants, we didn't run any statistical tests to find out whether the differences in the ratings are statistically significant. However, we calculated effect size (Cohen's d) for each item to provide a view of the magnitude of differences between the ratings in the two environments. According to Cohen (1992) , 0.20 is considered as a small effect size, 0.50 as a medium effect size and 0.80 as a large effect size. Made it easy to connect a specific element in the Web to your discussion.
3.9 (1.2) 3.1 (1.1) 0.69
Made it easy to revise your understanding of the topics. Many participants commented on the location-dependent nature of Diigo sticky notes: "Sticky notes are location-dependent. I think it's very useful and more inclined to trigger deep thinking" (Participant F); "The sticky notes were novel and could be used to comment directly on a specific item, so this was useful. The discussion forum was just a standard message board and didn't offer much benefit beyond what other discussion boards do" (Participant J).
Engagement. The rating showed that participants felt slightly more actively engaged using Diigo sticky notes than in the discussion forum (see Table 4 ). The Diigo sticky notes had a higher rating on making participants more willing to participate than the discussion forum. Participants also perceived that it was much more fun to use Diigo sticky notes than using the discussion forum. In the open-ended questions, participants expressed similar ideas of having fun and being actively engaged when using Diigo sticky notes: "Diigo sticky notes was definitely more fun and it was easier to make a quick comment on someone else's post" (Participant F);"Diigo sticky notes is new to me and I think it's very useful; thus I am more engaged and more willing to participate" (Participant F); "I think the sticky notes were fun because it was like getting a little surprise to open a web page and see a sticky note waiting to be opened" (Participant A).
Nature of Discussion and Interaction
Quantity of Posts. The analysis of all discussions showed that there were more posts in Diigo sticky notes. As presented in Table 5 , in total, there were 34 posts in Diigo sticky notes and 23 posts in the discussion forum. However, in the discussion forum the posts were longer. To make the results reflect the actual post length, we checked all the posts and found that there were no replicate of webpage contents in any post. In the discussion forum, the average words per post were 142, which were 106 words more than the average number of words in Diigo sticky notes. This result was consistent with the survey results showing that participants were more willing to participate using sticky notes while the discussion forum had a larger number of average words per posts. Focus. All the discussion posts were coded into one of the three categories based on their focus:
(1) general comment: a comment not closely related to the specific information on the websites, but related to the topics in general; (2) page comment: a comment closely related to a specific page on the websites; and (3) specific section comment: a comment closely related to a specific section on a specific page of the websites. Table 6 showed the proportions of the types of posts in sticky notes and the discussion forum. A Chi-square test was conducted to provide a sense of the magnitude of the difference between the two environments and the significance level was less than .001(df = 2), indicating that the proportions of post types were significantly different in the two environments. In the discussion forum, the most frequently used comment type was general comment. Of all the posts, 87% were related to the topic in general. No posts were closely related to a specific section on a specific page of the websites, and only 13 % of the posts were closely related to a specific page on the websites. However, in sticky notes, all three comment types were observed. 27% of the posts were general comment, 29% of the posts were page comment and the rest of 44% were specific section comments.
Interaction and Knowledge Construction. As presented in Table 7 , there were 24 initial posts and 10 replies in Diigo sticky notes. The average number of replies per post was 0.42 (SD = 1.06). In the discussion forum, there were 11 initial posts and 12 replies. The average number of replies per post was 1.09 (SD = 0.65). In Diigo sticky notes, 53% of the initial posts had no reply while in the discussion forum the number was 26%.
Table 7. Interactions in Two Environments
Diigo sticky notes ( The types of knowledge construction behaviors that took place in both environments were presented in Table 8 . It showed that the major types of knowledge construction in both environments were self-reflection and alternative/complementary proposal. However, compared to the discussion forum, the percentage of self-reflection was higher in Diigo sticky notes. This is probably because Diigo offered participants with more opportunities to frequently jot down their reflections and interpretations when they were exploring the ideas in the text. The percentage of alternative/complementary proposal in the discussion forum was higher than in Diigg sticky notes. The results suggested that participants might be more likely to offer complementary or alternative views or perspectives in the discussion forum, which was consistent with the survey result where participants felt that they were more likely to revise their understandings when having discussions in the discussion forum than with sticky notes. 
Discussion
By examining a Web annotation tool, Diigo, and the threaded discussion forum as online discussion tools, the study showed several findings. Both the threaded discussion forum and Web annotation had their own affordances in terms of supporting interactions in online discussions. Web annotation had advantages in locating specific information on the websites and linking the websites to discussion; the discussion forum was more suitable for posting summarized discussions. For participants, the primary reason for tool selection was the distinctive functions of two environments. When the discussion questions were related to locating specific information on the websites, participants tended to use the Web annotation tool. The higher average words per post in the discussion forum indicated that participants might be more likely to post longer posts in the forum.
The different interaction patterns supported by Diigo and the discussion forum influenced the learning taking place in the two environments. The discussion forum was reported as easier for participants to exchange ideas and to revise their understanding of discussion topics than Web annotation. While participants were more likely to offer alternative/complementary views in the discussion forum, self-reflection was the major type of knowledge construction behavior when participants used Web annotation. Our analysis revealed that the posts in the discussion forum received a greater number of replies on average than those in Diigo. Although there were more posts in the Diigo sticky notes, more than half of the initial posts had no reply. A possible reason was that the posts in Diigo were spread out on the different locations on webpages. In this study, participants were asked to explore the official sites of Chinese and U.S. governments, both of which had several subpages. In this case, unlike the threaded discussion forum where links to all the posts were displayed on one page, the posts in Diigo were distributed on different webpages, making it harder for learners to read all the posts.
The fact that there were more posts in Diigo than in the discussion forum suggested that Web annotation might be better at provoking thoughts and motivating participation. A possible reason would be that Web annotation allowed learners to post whenever they had any thoughts or ideas related to the specific content on the webpages. In the discussion forum, in contrast, learners had to post discussions to a separate place. Although participants tended to post more often in Diigo, posts in the discussion forum were longer. A possible reason might be that the discussion forum had more space for writing the posts. In Diigo, the sticky notes were displayed adjacent to the original texts, and the relatively small size of the sticky note makes it inconvenient to write long posts. Also, in Diigo, the content of posts was usually related to a specific part of the material, while in the discussion forum, participants were more likely to focus on the whole picture by writing longer and more summarized posts.
Finally, when it came to the engagement, participants reported that they had more fun and were more actively engaged in the Web annotation environment. However, it was possible that the active engagement was due to the fact that the Web annotation environment was new to participants.
Pedagogical Implications
Based on the results of this study, the following pedagogical implications for practice are proposed:
First of all, this study suggests that Web annotations tools have the capacity to support online discussions. In this study, Diigo successfully supported interactions and collaborative learning efforts among learners. More specifically, Diigo made it easy for learners to locate the information on the websites and connect the learning materials to the discussion. Using the sticky notes that are positioned adjacent to the related materials, learners do not have to go back and forth to read the materials when having discussions. In this case, if the topics of online discussion are related to electronic reading materials on webpages, Web annotation tools can be used as a major or complementary tool for online discussions to support and encourage interactions among learners. In online courses, Web annotation tools can be used for learners who are geographically far from each other to communicate. The discussions on the Web annotation tools may not be limited to formal discussions initiated by the instructor. Informal discussions may also occur when learners share the Web annotations on the electronic learning materials with their classmates, which may help promoting the informal interactions among learners and enhancing a feeling of belonging.
The results of this study also indicate that different online tools afford different types of interactions. Therefore, to design a successful online learning activity, it is necessary to evaluate the delivery tool to determine its fitness in supporting the activity. Instructors need to critically evaluate the functions of the delivery tools and decide which tool can serve the learning purposes best. Web annotation would be a better tool if the topic of discussion is closely related to specific parts of electronic materials. The threaded-discussion forum is more suitable for discussion topics that require summaries and synthesis across learning materials because it provides learners with more spaces to elaborate their thoughts.
Limitations and Future Research
The low number of participants and the case study research design of the present study cause several limitations and provide new directions for future research. First, because of the low number of participants, the validity of the survey was not tested. In addition, the small sample size of participants and the qualitative design of this study make it impossible to do statistical tests to compare participants' performance in the two environments, which limits the generalization of the findings. According to the perspective of naturalistic generalization, the process of generalization should be based on similarity of settings and participants (Burke, 1997; Stake, 1990) . It is important for readers to compare the settings and participants before they generalize the findings of this study. It is worth to note that the following factors may impact the generalization of this study:
First, all participants in this study were adult learners who identified themselves as intermediate or expert users of technology. In this case, it is possible that their familiarity with technology had positive impacts on their experience. Learners' technology proficiency should be considered carefully if one wants to generalize the findings of this study to other contexts. In addition, participants in this study were all doctoral students, who might had higher motivations and more advanced learning techniques than average learners. To testify the existing findings, future study needs to be conducted in different contexts with learners with different academic degree levels or varied technology proficiency levels.
Besides generalization, the research design of this study has limitations. Instead of assigning the participants into a control group and an experimental group, this study provided them with free access to both the Web annotation tool and the threaded discussion forum, and observed how they chose the environment(s) to participate in the discussion. This design allowed us to explore the factors that affected learners' choice of discussion environments and gave us insights on the unique affordances and constraints of the two environments. The design, however, prevented us from conducting a strict comparison between the two environments. In addition, this study focused more on revealing how learners behaved and how their learning processes differed in the two environments as was suggested by the focus and types of their posts. The actual learning outcome, however, was not measured. The contributions of students had no grade value in this study, which might have impacts on students' performance. As a result, future study with an experimental design is needed to measure and compare learners' performance and learning in the two discussion environments.
Conclusion
Web annotation is a collaborative tool that allows learners to add annotations to webpages and share annotations with each other. This study examined the potential use of Web annotation as a tool to support online discussions by comparing it to a threaded discussion forum. While most of the current literature on Web annotation focuses on the impact of collaborative Web annotation tools on learning outcomes, this study explored the nature of interactions when Web annotation was used as an online discussion tool.
Although the study is exploratory in nature, it has some important contributions to the existing research on online discussion and the educational use of Web annotation tools. First, online discussions held in threaded forums have often been criticized as lack of focus or off-topic (Wu & Hou, 2013) , and researchers have been experimenting with alternative tools to enable a more focused discussion. Our study suggests that Web annotation tools have a potential to encourage discussions that are closely tied to the specific parts of the learning materials, leading to a more focused discussion. As a result, having discussions using Web annotation tools may be a good alternative for achieving certain learning goals.
Second, current research on the educational use of Web annotation tools has been centered around its impacts on learning outcomes, and little has focused on the learning processes enabled by the tools. We argue, however, examining the learning processes is important because it allows us to understand the mechanism of how learning takes place and make it possible to further explore ways to support optimal learning. The study, by comparing the nature of discussion in the threaded forum and Diigo, provides a starting point for future research to investigate the potential effects of Web annotation tools and how such tools can be adopted to enhance learning. 
